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Measurement of the CKM angle <fi 2 ((x)* 

A. Somov 

University of Cincinnati, Cincinnati, Ohio 45221, USA 

We present recent measurements of the unitarity triangle angle 4>2 (a) using B — * nn, B — > pp, 
and B —> pit decays. The measurements are based on data samples collected with the Belle and 
BaBar detectors at the KEKB and PEP-II e + e~ colliders, respectively. We also report on a new 
measurement of a CP- violating asymmetry in B° — + a^fir^ decay which will allow to constrain 
further the angle 02- 
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I. INTRODUCTION 

The CP violation in the standard model (SM) can 
be described by the presence of a complex phase in 
the three-generation Cabibbo-Kobayashi-Maskawa [ij 
(CKM) quark-mixing matrix. Unitarity constraints 
on the matrix elements lead to six relations, one of 
the most interesting is V ud V* b + V cd V* b + V td V* b = 0. 
This relation can be depicted as a triangle in the 
complex plane as shown in Fig [TJ Checking uni- 
tarity of the CKM matrix implies measuring sides 
and angles of the triangle. This provides an im- 
portant test of the SM. The phase angle (j>2 0> de- 
fined as &rg[-(VtdV t l)/(V u dV* b )], represents the phase 
difference between V t d and -V* b . It can be deter- 
mined by measuring a time-dependent CP asymme- 
try in charmless b — * uud decays such as B° — > 
7r + 7r~, 7T + 7r~7r°, p + p~ , and afp^ Q. The decay-rate 
asymmetry in these decays can arise due to the inter- 
ference between the amplitudes of the direct decay 
of B and decay after BB mixing. The B decays are 
proceeded mainly through a tree and gluonic penguin 
loop diagrams as shown in Fig [2] The penguin loop 
amplitude is irrelevant to the 4>2 and contaminates the 
measurement. The penguin contribution can be con- 
strained by using isospin relations or employing SU(3) 
flavor relations, which will be discussed later. 
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by observation of a large direct CP violation by Belle 
and by measurement of a relatively large branching 
fraction of B — > 7r°7r° decay. The measurements of 
CP asymmetries in B° — > 7r + 7r~ are followed by that 
in B° — > p + p~ decays. The contamination from a 
b — > u penguin amplitude is measured to be much 
smaller here. However, a large width of p mesons 
makes reconstruction of B° — > p + p~ decays a chal- 
lenging task. The extraction of 4>2 from measurements 
in B —> ir + ir~ and B° — ► p + p~ decays can be per- 
formed using an isospin analysis which allows one to 
constrain the contribution from the penguin ampli- 
tude generally with an eight-fold ambiguity. The lat- 
est measurements in B° — > 7r + 7r~ and B° 
decays are discussed in Section Hill and [PVl 
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FIG. 2: Tree-level (top) and gluonic penguin (bottom) di- 
agrams for the decays B° — > it + tt~ , p + p~ , p ± 7r T , a^f-K^ . 



FIG. 1: The CKM unitarity triangle V ud V* b + V ad V* b + 
VtdV t * b = in the complex p — rj plane. 

The first analysis of time-dependent CP-violating 
asymmetries has been performed using B° — ► tt + tt~ 
decays. This relatively clean channel provides hight- 
precision measurements but has a significant contribu- 
tion from a penguin loop amplitude. This is indicated 
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Snyder and Quinn Q showed that the angle 02 
can be determined without discrete ambiguities us- 
ing a time-dependent Dalitz plot (DP) analysis of 
B° — ► 7r + 7T~7r° decays. The DP analysis allows one 
to measure the complex amplitudes of 7r + 7r _ 7r° decays 
which are related to <f>2 via an isospin relation. Previ- 
ously a quasi-two-body analysis of B° — ► p + n~ decays 
has been used to constrain (f>2 using this decay mode. 
Recent results on the DP analyses are presented in 
Section El 

B° — ► aiTr T is another channel which allows us to 
extract the angle 4>2- Recently BaBar has measured 
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a CP-violating asymmetry in this decays. However 
the extraction of fa has not yet been performed for 
this channel. It is expected to be done using a flavor 
SU(3) symmetry. The measurements in B° — > a l ir^ 
decays are described in Section [VlJ 

II. ANALYSES OVERVIEW 

Analyses of B — ► irir, B — ► pir, B — > pp, and £> — > 
ai7r decays have several common features. 

Charged pions are identified using information from 
time-of-flight counters and the central tracking cham- 
bers. Most analyses also use information from aerogel 
threshold cherenkov counters (Belle) and from a DIRC 
detector (BaBar). B decays are selected by combin- 
ing charged pions originating from the interaction re- 
gion, and adding 7r°'s in the decays which involve 
mesons. 

B decays are identified using two kinematic vari- 
ables: the beam-energy-constrained mass M bc = 
yj £^ cam — p B and energy difference AE = E B — 
£ beam , where -E boam is the beam energy, and E B and 
Pb are the energy and momentum of the reconstructed 
B candidate, all evaluated in the center-of-mass (CM) 
frame. 

Flavor of the B meson accompanying the signal B 
is identified using a tagging algorithm which identifies 
its decay products (mainly leptons and kaons). The 
tagging algorithm provides the flavor of the tagged 
meson and a tagging quality. 

The dominant background originates from e + e~ — > 
qq (q — u,d,s,c) continuum events. The separation 
of continuum background from the signal events can 
be done using the event topology: qq events tend to 
be more jet-like while BB events are more spherical 
in the CM frame. 

The Belle analyses use event-shape variables, specif- 
ically, 16 modified Fox-Wolfram moments [5J com- 
bined into a Fisher discriminant @. We form signal 
and background likelihood functions C s and C BG by 
multiplying a probability density function (PDF) for 
the Fisher discriminant by a PDF for cos9 B , where 
B is the polar angle in the CM frame between the 
B direction and the beam axis. The PDFs for signal 
and qq are obtained from Monte Carlo (MC) simula- 
tions and the data sideband, respectively. We calcu- 
late the ratio 1Z = C S /(C S + C BG ). The continuum 
background is reduced by setting a threshold on 1Z. 
In B° — ► p + p~ analysis PDFs for 1Z are included into 
a likelihood function. In some analyses we also set 
a threshold on the absolute value of the cosine of the 
angle between a thrust axis of the reconstructed signal 
B meson and that of the rest of the event, costh- 

In the BaBar analyses the qq background is usu- 
ally removed by directly applying thresholds on costh 
and on the second-to-zeroth Fox- Wolfram momentum 
i?2- Further discrimination is achieved by using an 



artificial neural network which includes event shape 
variables. The neural net is trained using MC simu- 
lated events and off-peak data. The output of the net, 
Af is included as a PDF into the fitting likelihoods. 

The decay time difference At between the two B 
mesons can be determined by measuring the distance 
between the decay vertices of these mesons. Since 
the B and B are produced approximately at rest in 
the T(4S) CM system, At ~ Az/Pjc, where c is the 
speed of light and /3j is a Lorentz boost of the T(45) 
mesons and equals 0.425 (0.559) for Belle (BaBar). 
The decay vertices of the signal and tag-side B mesons 
are reconstructed by fitting charged tracks that have 
hits in the silicon vertex detector using an interaction 
point constraint. 

III. B° -> 7r + 7r 

The time-dependent rate for B — ► 7r + 7r~ decays 
tagged with B°(Q = +1) and B° (Q = -1) mesons 
is given by 

e -|At|/-r fl0 

P„ v (At) = — {1 + Q[Acos(AmAt) (1) 

4t b o 

+Ssm(AmAt)]}, 

where tbo is the B a lifetime, Am is the mass differ- 
ence between the two B° mass eigenstates, At is the 
proper-time difference between the two B decays in 
the event, and A and S are CP asymmetry co- 
efficients which are to be obtained from a fit to the 
data. If the decay amplitude is dominated by a tree 
diagram, S = sin(202) and .4 = 0. The presence of an 
amplitude with a different weak phase (such as from 
a gluonic penguin diagram) gives rise to direct CP 
violation and shifts S from sin(202): 

5 mcas = y/l - ^La S sin2^ 2 ff , (2) 

where A, <S moas are measured coefficients, 0| — fa + 
5 fa, and 5 fa is the phase shift. 




A +0 = A' 

FIG. 3: The isospin triangles for B — » tt-k decays. The 
amplitudes A are defined as A = e l2tf,3 A. 

The Belle analysis [|[ is based on a data sample 
consisting of 535 million BB pairs. The analysis is 
organized in two steps. We first determine the yields 
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of signal and background components using an un- 
binned extended maximum likelihood (ML) fit to M b , 
AE, and the kaon identification probability x± for 
the positively and negatively charged tracks. The 
fit yields f464 ± 65 ir + ir~ candidates. We subse- 
quently perform a fit to the At distribution for the 
CP parameters A and iS. The fit to f683f events 
yields A K+% - = 0.55 ± 0.08(stoi) ± 0.05(syst) and 



St, 



-0.61 ± O.lO(stat) ± OM(syst). 



The BaBar measured the CP- violating parameters 
using a sample of 383 million BB events Q. The 
CP-violating parameters are obtained from an un- 
binned extended ML fit to 309540 events. The likeli- 
hood function contains 117 parameters which are var- 
ied in the fit. In order to enrich the data sample with 
the signal events, the event selection requirements are 
lowered in the BaBar analysis and additional PDF's 
for background discriminating variables (six in all) 
are included in the likelihood function. The fit re- 
sults are C w+W - = -0.21 ± 0.09(stat) ± 0.02(syst) and 
S^+k- = -0.60 ± 0.11(stat) ± 0.03(syst). 

Both Belle and BaBar measurements indicate a 
large mixing-induces CP- violation with a significance 
greater than 5.3er and 5.1<r, respectively, for any 
values of A„+„-. Belle also observed large direct 
CP violation. The case of no direct CP violation, 
A-K+-K- — 0, is ruled out with a significance of 5.5cr. 
The difference between A, S measurements of Belle 
and BaBar, as estimated by Heavy Flavor Averaging 
Group (HFAG) group, constitutes about 2.1a. 
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FIG. 4: 1 - C.L. vs fa(a) obtained from the isospin analy- 
sis of B — > 7T7T decays by the CKMfitter group. The dashed 
curve represents Belle measurements only; the dot-dashed 
curve represents BaBar measurements and the hatched re- 
gion is a combined constraint from Belle and BaBar. 



The angle fa can be extracted using an isospin 
relations [ll(. The SU(2) isospin symmetry allows 
one to relate the amplitudes , A +a , and A 00 of 
the B — > 7r + 7r~, 7r + 7T°, 7T 7r° decays and corresponding 
amplitudes A for the charge-conjugated processes as 
follows 



V2 



A ' = A" 



A m = A~ 



(3) 



These relations lead to two triangles in the complex 
plane as shown in Fig[3j The angle between these tri- 
angles is the phase difference 25 fa. There are six un- 
known parameters (five amplitudes, and the angle fa) 
and six observables: the branching fractions for B — ► 



TT+TT , 



and 7r u 7r , the CP parameters A^-^- 
and S n + n - and the time integrated asymmetry.A n .o, r o 
for B° — > 7T 7r° decays. The angle fa can be deter- 
mined with an eight-fold ambiguity corresponding to 
four possible orientations of the isospin triangles and 
the two fold ambiguity from solving Eq. O The con- 
fidence level (C.L.) for fa obtained by the CKMfitter 
group [II] is presented in Fig. |4j The curves on this 
plot correspond to the Belle (BaBar) measurements 
only and to the combined Belle and BaBar constraint. 
The combined constraint is obtained using averaged 
measurements of the branching fractions and asym- 
metries. The eight peaks in the 1-C.L. distribution 
for BaBar (dot-dashed curve) correspond to the eight- 
fold ambiguity. However the Belle constraint contains 
only 4 peaks. This can be explained by the large value 
of the measured asymmetry A^+k- — 0; one of the 
isospin triangle becomes flat, an apex of the triangle 
lies on the base. This leads to merging of the two 
solutions and to the four- fold ambiguity on fa. The 
combined Belle and BaBar constraint on fa consistent 
with the standard model is 93.5j^J at 68% C.L. 



IV. B° 



P P 



As it was discussed in previous section, B — > rnr 
decays constrain fa with a four-fold ambiguity. In 
order to choose a single solution and further constrain 
the angle fa one can exploit other decay channels. In 
particular, fa can be determined by measuring CP- 
violating parameters in B° — ► p + p~ decays. B° — * 
p + p~ channel have several advantages comparing with 
B"^ 77+TT-: 

• The branching fraction for B° — > p + p~ decays 
is about 4.4 times larger than that for B° — > 



The size of the penguin amplitude in B° — > 
p + p~ decays is constrained to be small with re- 
spect to the leading tree diagram by the small 
branching fraction of P°— jl3j |. 
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However there are certain complications in the mea- 
surement of <p2 '■ 

• The relatively large width of p mesons (~ 
150MeV) leads to a substantial combinatorial 
background in p + p~ decays. 

• p + p~ is a vector-vector final state. The CP- 
violating parameters receive contributions from 
a longitudinally polarized state (CP-even) and 
two transversely polarized states (an admixture 
of CP-even and CP-odd states). However, re- 
cent measurements of the polarization fraction 
by Belle [3] and BaBar show that the 
longitudinal polarization fraction is near unity 
(f L = 0.968 ± 0.023 [l(|). 

• The isospin analysis in B —* pp decays can be 
complicated by a possible contribution of the 
isospin 1=1 amplitude which might appear 
due to the finite width of p mesons. Similar to 
B° — > 7r + 7r~ decays, electroweak penguin ampli- 
tudes can contribute to the B° — > p + p~ decays. 
However both these contributions are expected 
to be small pjj]. 

Belle measured CP-violating parameters using 535 
million BB pairs. Similar to B° — > tt + it~ analysis, the 
measurements are done in two steps: we first obtain 
the yields of signal an background components using 
an unbinned extended ML fit to the three-dimensional 
(M bc ,AE,K) distribution. A fit to 176843 events 
yields N pp+p7! ^ = 576 ± 53. We subsequently perform 
a fit to the At distribution to determine the CP pa- 
rameters A and S. The time dependent decay rate for 
B — > p + p~ decays is given by Eq. 1. The likelihood 
function includes the following event categories: sig- 
nal and p-K-K non- resonant decays, signal decays that 
have at least one it meson incorrectly identified (re- 
ferred to as SCF events), continuum background (qq), 
b — > c background, and charmless (b — > u) back- 
ground. The fit results are A = 0.16 ± 0.21 ± 0.08 
and 5 = 0.19 ±0.30 ±0.08. 

BaBar analysis [l5[ is based on a data sample of 
347 million BB pairs. The signal yield, /l, and 
CP-violating parameters are obtained simultaneously 
from an unbinned extended ML fit to 33902 events. 
The background discriminating variables are m^s, 
AE, At, m^ T ± 7r o, cos8±, and N ■ PDFs for these vari- 
ables are included in the likelihood function while the 
event selection requirements are lowered. The fit re- 
sults are N pp = 615 ± 57, f L = 0.977 ± 0.024±£^, 
C = -0.07 ± 0.15 ± 0.06 and S = -0.19 ± 0.21±g;gf . 



The CP-violating parameters measured by Belle are 
consistent with those obtained by BaBar. The values 
of A p + p ~ and S p + p - are also consistent with no CP 
violation (.4 = <S = 0). 

The angle <p2 can be constrained using an isospin 
analysis similar to that used in B — > tttt decays. The 



1.2 - 



0.8 r 



nmm □ b ^pp ( wa ) 

B^pp (BABAR) 



O 

I 




0.6 - 



0.4 - 



0.2 - 



20 40 60 80 100 120 140 160 180 
a (deg) 



FIG. 5: 1 - C.L. vs (p2(a) obtained from the isospin analy- 
sis of B — + pp decays by the CKMfitter group. The dashed 
curve represents Belle measurements only; the dot-dashed 
curve represents BaBar measurements and the hatched re- 
gion is a combined constraint from Belle and BaBar. 



six underlying parameters are: five decay amplitudes 
for B — > pp and the angle 4>2- The observables are 
the branching fractions for £?— > p + p~, p + p° [131, and 
p°p° [13]; the CP parameters A and S : and the pa- 
rameter A p o p o for B^p°p° decays. The last parame- 
ter is not yet measured, but nevertheless one can con- 
strain (j)2 ■ We apply the isospin relations to the decay 
amplitudes corresponding to the longitudinal polar- 
ization (CP-even state). The branching fractions are 
multiplied by the corresponding longitudinal polariza- 
tion fractions. We neglect possible contributions from 
electroweak penguins and 1=1 amplitudes [l6| and 
possible interference between signal and non-resonant 
components. The resulting function 1 — C.L. obtained 
by the CKMfitter group is shown in Fig.[5j The curves 
on this plot correspond to the Belle (BaBar) mea- 
surements only and to a combined constraint. The 
combined constraint is obtained using averaged mea- 
surements of the branching fractions and asymme- 
tries. The distribution has more than one peak due 



to ambiguities that arise when solving for 



The 



"flat-top" regions in Fig. [5] arise because ^4 p o p o is not 
measured. The absence of the flat-top regions in Belle 
measurements can be explained by the fact that the 
isospin triangle is not closed; the relatively large mea- 
sured branching fraction of B ± — > p ± p° decay leads 
to the squashed triangle. This results in only a two- 
fold ambiguity on c\>2- The solution consistent with 
the standard model is 72.5° <6 9 < 111.5° at 68% C.L. 
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Recently, an alternative model-dependent approach to 
extract 09 using flavor SU (3) symmetry has been pro- 
posed [17] . This method could potentially give more 
stringent constraints on fa. 



B° 



An alternative way to measure the angle <p2 is 
to perform a time-dependent Dalitz plot analysis in 
B° — ► 7T + 7r~7r° decays. It was pointed out by Snyder 
and Quinn [i[ that the Dalitz analysis allows one to 
determine <p2 without discrete ambiguities. The time- 
dependent rate for B —> ir + ir~ir° decays is given by 



V(At,ds + ,ds-) 



-Qx 



-21m 



- |At|/r -°{(l^| 2 + P 3 .| 2 ) 

A 3 «\ 2 - \A 37r \ 2 ) cos(AmAt) 
sin(AmAt)]} , (4) 



P 



A% n A 3v 



where Q = +1(— 1) corresponds to B°(B°) tags, the 
parameters q and p are the mass eigenstates of neu- 
tral B mesons with the mass difference Am, and 
the tbo is the B° meson average lifetime. The am- 



plitudes A 3v (A 37r ) of the B°{B 
the Dalitz plot variables s +i _ 



decays depend on 
(P+ - +Po) 2 and 



so = (p+ +P-) , where ,o are the four-momenta 
of the 7r +, ~'°. The amplitudes can be factorized as 
follows 

As*(s+,s-) = E Tj =1 F K (s K )A K , 

K=(+,-,0) 



9t 



P 



4hr(«+,*-) = T] =l F*{s K )A K , (5) 



«=(+,-, 0) 



where Tj =1 , F K (s K ), and A K (A ) are helicity distri- 
butions, lincshapes, and complex amplitudes corre- 
sponding to B°(B ) — * p + 7r~, p~7r + , p°ir° decays for 
k = +,—,0. The lineshapes F K (s) is modeled as a 
sum of the p(770) resonance and its radial excitations 
,9(1450), and p(1700): 



F K (s) = B 



p(770) 



/?- B p(1450) + 7^(1700)1 



(6) 



where B are Breit-Wigner functions and (3 and 7 are 
the relative complex amplitudes of the two resonances. 
Inserting Eq. (J5j> and Eq. (|6|) to Eq. (|4} one obtains 
26 free parameters which are to be determined from a 
fit to the data. 



The Belle analysis 18j is based on a data sam- 
ple of 449 million BB pairs. We first obtain the 
signal yield from an unbinned extended ML fit to 
the Mbc — AE and Dalitz plot distribution. The fit 



yields 971 ± 42 B u 



~ir' events. The line- 



shape parameters (3 and 7 are determined from a 
time-integrated Dalitz plot fit with a larger Dalitz 
plot acceptance. The 26 coefficients are subsequently 



determined from a Dalitz-Ai fit to the 2824 events 
in a small signal region. The measured parameters 
also allow to extract a ratio B(B° -> p°n°)/B{B -> 
p + 7r~) which is measured to be 0.133 ± 0.022 ± 
0.023. This value is consistent with a Belle previ- 
ous measurement of the branching fraction of B° — » 
p°ir° decays using a quasi- two-body approach [l9l ]. 
B(B° p°ir f c " c /B(B p+n-) WA = 0.130t°;^ 
BaBar performed analysis using 375 million BB 
pairs [20| . The 26 coefficients and event yields are 
obtained simultaneously from an unbinned extended 
ML fit. The likelihood function contains in total 68 
parameters which are varied in the fit. The fit yields 
N 37T = 2067 ± 68 candidates. 
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FIG. 6: 1 - C.L. vs 4>2{ot) obtained from the Dalitz analysis 
of B — > p-K decays by the CKMfitter group. The dashed 
curve represents Belle measurements only; the dot-dashed 
curve represents BaBar measurements and the hatched re- 
gion is a combined constraint from Belle and BaBar. 

The measured amplitudes A K and A K can be re- 
lated to the angle 4>2 using an isospin relation [2l| for 
neutral B decays only 



A 



A 



2 A° 



A+ + A- + 2A° ■ 



(7) 



This relation allows one to determine 4>2 without dis- 
crete ambiguities in the limit of high statistics. The 
confidence level for (j>2 obtained by the CKMfitter 
group is presented in Fig. [6l The curves on this plot 
correspond to the Belle (BaBar) measurements only 
and to a global constraint on cf>2 obtained by com- 
bining Belle and BaBar measurements. The preferred 
region for the combined constraint is around 120°. 

It is worth mentioning that <p2 can be further con- 
strained by including branching fractions B(B° — * 
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B(B+ -► p + n°), B(B+ -► p Q ir+) and asym- 
metries for A(B + — > p + 7T° ) and .4(5+ -> p°7r+) de- 
cays [l(| into the isospin analysis (a pentagon isospin 
analysis). As an example, 1 - C.L. curves on 02 ob- 
tained by Belle from the Dalitz analysis and from the 
full Dalitz and pentagon combined analysis are pre- 
sented in Fig. [71 Combined Belle and BaBar Dalitz 
and pentagon constrain is being recently prepared by 
the CKMfitter group. 
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FIG. 7: 1 - C.L. vs 2 (a) obtained by Belle. The dotted 
curve represents the Dalitz analysis and the solid curve 
represents the combined Dalitz and an isospin pentagon 
analysis. 



T(B° -► a7>+) + T(B -> a+vr-). AS* ai7r depends 
in addition on difference in strong phases between the 
amplitudes contributing to B — > aiir decays. 

The parameters C, AC, S, and AS* have recently 
been measured by BaBar collaboration using a data 
sample of 384 million BB pairs (23|. The likelihood 
function includes the following components: signal, 
generic BB background, continuum qq background, 
B° — > a+(1320)7r T , and non-resonant p7T7r. The fit- 
ting observables are niESi AE, a Fisher discriminant 
F for continuum suppression, m ai , At and an an- 
gle between the flight direction of the bachelor pion 
from B meson and normal to the plane of the Sir 
resonance calculated in the 37r rest frame. An un- 
binned extended ML fit to 29300 events yields 608±53 
signal events and the following parameters: C ai n = 
-0.10 ± 0.15 ± 0.09, AC ai7I = 0.26 ± 0.15 ± 0.07, 
S ai7r = 0.37±0.21±0.07, AS ai7T = -0.14±0.21±0.06, 
and A a (jp = -0.07 ± 0.07 ± 0.02. These measurement 
indicate no direct and mixing-induced CP violation in 
B a — ► afirT decays. As shown in [23, the effective 
angle 



4>2 can be calculated as follows 



bf 



1 r . / S a , 7t F A S a . tt 

— arcsml — = 

4 V 1 - (5a lW + AS„ lff ) 2 



arcsin( 



yl — {S ai n ~ AS ai Tr) Z 



(9) 



VI. B° 



Another channel which allows to measure 



B° 



92 IS 



As the final state af ir T is not a CP 



eigenstate, one has to consider four decay modes with 
different charge and flavor combinations: B° — > afir^ 
and B° — > afn T . The decay rates can be written 
as 22] 



cjyf = 02 + <50 2 is measured to be 78.6° ± 7.3°. The 
extraction of 02 can be performed using an SU(3) fla- 
vor symmetry [22]. However it can not be done at 
the moment as branching fractions for SU(3)-related 
decays have not yet been measured. 



VII. SUMMARY 



p -|At|/r B o 

(1± ^^T {1 - Qx 

](C Ql7r ± AC ai7I ) cos(Am d At) - 
(S ai7r ±AS a ^)sm{Am d At)}}, (8) 



where At 



t, 



t tag is the proper-time difference 
between the fully reconstructed and the associated 
B decay, and Q = +1(— 1) corresponds to B°(B°) 
tags. The parameters S ai -n and C ai7r are associ- 
ated with mixing- induced CP violation (related to 
02) and flavor-dependent direct CP violation, respec- 
tively. The parameters AS ai7r and AC ai7T are CP- 
conserving. AC ai K describes the asymmetry between 



the rates T(B° -> a+Tr") + T(B° 



") and 



We have discussed the measurements of the CKM 
phase angle 02 using B — > tttt, pp, pit, and afir T de- 
cays. The combined constraint for the first three chan- 
nels is presented in Fig. [5J There are two preferred 
regions around 88° and 115°. This can be explained 
by the fact that the 02 preferred region obtained from 
B — > pix Dalitz analysis doesn't agree well with that 
obtained from the isospin analysis of B — > 7T7t and 
B — > pp decays. The angle 02 can be constrained as 
(114.5lg'3)° at 68% CL - (solution around the main 
peak) and 80.0° < 2 < 122.7° at 90% C.L. As it can 
be seen, there is no 'stringent' constrain at 90% C.L. 
with the current data. More data are awaited to im- 
prove our knowledge on 02. 
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FIG. 8: World average constraints on <j>2(a) obtained from 
an isospin analyses of B — > tttv (dotted curve) and B — » 
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